terified fatty acids levels were slightly higher on somatostatin but did not show any statistically significant rise despite arrest of the pump, contrasting with the increase from 491 • 27 to 741 _+ 96 j.tmol/1 (2 p < 0.05) in the control test. Consequently, plasma non-esterified fatty acids levels from 01.00 to 05.00 h were not significantly different between the two tests. The abrupt rise in 3-hydroxybutyrate from 00.00 to 05.00 h (3.0_ 0.5 ~tmol.l-a.min -1) in the control test was not altered by somatostatin until 03.00 h. In contrast, during the last 2 h after arrest of the pump, somatostatin inhibited any further rise in 3-hydroxybutyrate levels. In conclusion, somatostatin significantly reduces metabolic deterioration during a 6-h nocturnal interruption of a continuous subcutaneous insulin infusion. Somatostatin-induced glucagon suppression seems to be involved in reducing hyperglycaemia as well as, together with the somatostatin-induced growth hormone suppression, in the limitation of hepatic ketogenesis in hours 5 and 6 after cessation of insulin supply. In contrast, the early rise in 3-hydroxybutyrate plasma levels is unaffected by somatostatin and thus appears entirely due to the fall in free insulin circulating concentrations.
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Interruption of continuous subcutaneous insulin infusion (CSII) in diabetic patients without residual insulin secretion is followed by a rapid and sustained increase in blood glucose and plasma 3-hydroxybutyrate levels [1] [2] [3] . These metabolic alterations occur in conjunction with an early decrease in plasma free insulin concentrations [2, 3] and a later rise in plasma glucagon levels [3] . To investigate the respective roles of insulin deprivation and counter-regulatory hormones in the observed metabolic deterioration, we studied the influence of a somatostatin infusion on the hormonal and metabolic changes observed during a 6-h nocturnal arrest of a CSII pump in seven C-peptide negative Type 1 (insulindependent) diabetic patients.
Material and Methods

Subjects
The study was approved by the Ethical Committee for Human Investigations of our Institution and all subjects gave their free and informed consent. Seven Type 1 diabetic patients participated (Table 1) . M  M  F  M  M  33  44  53  31  51  41  49  43 •  104  114  119  100  119  92  87  105 •  12  23  23  28  18  16  7 Fig. 1 . Changes in blood glucose and plasma free insulin levels before, during and after the interruption of the CSII with ( .... ) and without ( ) a somatostatin infusion (SRIF, 250 gg/h) in seven Type 1 diabetic patients. Results are expressed as mean+SEM. * = 2p < 0.05 between the two experimental conditions; 9 = 2 p < 0.05 versus 23.00 h value; ~, = breakfast; ~ = 'clicks' (boluses of insulin)
The 2-h post-prandial C-peptide plasma concentration was below 0.025 pmol/ml in all patients.
Experimental Procedure
The experimental protocol was similar to that in the previous paper [3] . In the present study, each subject underwent two tests in a randomized order: one when the 1001 HM Mill Hill pump was stopped by removing the battery from 23.00 to 05.00 h and intravenous cyclic somatostatin (Clin Midy, Montpellier, France) infused at a rate of 250 ~tg/h between 22.00 and 07.00 h (somatostatin test), the other with an identical interruption of the CSII but with an intravenous infusion of saline instead of somatostatin (control test).
Blood Samples
Venous blood samples were drawn every hour from 22.00 to 12.00 h the next day (except at 11.00 h). All the metabolic (blood glucose, plasma non-esterified fatty acids, 3-hydroxybutyrate) and hormonal (plasma free insulin, glucagon, growth hormone, cortisol and C-peptide) parameters were determined with the methods mentioned in the previous paper [3] . Plasma glycerol levels were measured according to Eggstein and Kuhlmann [4] .
Statistical Evaluation
The results are expressed as mean • SEM. The statistical comparison between the two tests (saline versus somatostatin infusion) was performed according to the Student's t-test for paired values whereas the changes, within a given test, versus the value recorded at 23.00h (which was considered as baseline in each test) were analyzed using a two-way analysis of variance followed by the Student's t-test for paired samples.
Results
Blood Glucose (Fig. 1) In the interruption test with saline, blood glucose values remained unchanged during the first 2 h after arrest of the pump and then increased regularly (38 +_4 lxmol. 1-1. rain-1) from hour 3 of interruption until 1 h after resetting the pump at its basal rate (06.00 h). Despite stopping the pump at 23.00 h, infusion of somatostatin resulted in a decrease in blood glucose concentration until 03.00h (2p<0.05 at 01.00h); four of the seven subjects displayed hypoglycaemic values < 2.5 retool/1 (see below). Thereafter, blood glucose rose linearly until 06.00h, but at a significantly lower rate (18_+ 5 ~mol. 1-1. min-1 ; 2 p < 0.05) than in the control test. Thus, under somatostatin, at the moment of resetting the pump at its basal rate, blood glucose was not significantly different from the 23.00 h value and markedly lower than the corresponding value in the control test (7.4 + 1.4 versus 16.0 ___ 1.9 mmol/1, 2p < 0.001). Before breakfast (at 06.45 h) blood glucose was 50% lower than in the control test and, as a consequence, the supplements of insulin together with the usual prebreakfast insulin amounts were reduced (3.3 + 0.9 U after saline versus 1.1___0.6U after somatostatin; 2p<0.025). After breakfast and interruption of the somatostatin infusion at 07.00h, blood glucose rose rapidly until 10.00h (38 +6 ~tmol-1-1 -min-t), whereas blood glucose levels +1000 ~+ s00-
a. remained quite stable during the corresponding period in the control test. (Fig. 1) No significant differences in plasma free insulin levels were observed between the two tests at any time of the study period. Mean plasma free insulin concentrations were identical at 23.00 h (35 mU/1) and decreased significantly as soon as I h after the arrest of the pump in both conditions. However, plasma free insulin levels were slightly but not significantly higher in the somatostatin test reaching 15.5 +10.2 mU/1 with somatostatin and 7.5 _+ 3.1 mU/1 without somatostatin at 05.00 h. Because of the lower blood glucose levels at 6.45 h, the additional amounts of insulin administered before breakfast in the somatostatin test were smaller and the resulting increase in plasma insulin measured from 06.00 h to 09.00 h was moderately lower with than without somatostatin (+ 27 -+ 10 versus + 41 + 10 mU/1, 2p < 0.10).
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Plasma Free Insulin
Plasma Glucagon (Fig. 2) To eliminate the large inter-individual differences of the glucagon concentrations, results were expressed as changes from the individual value recorded in each subject just before arrest of the pump. With saline infusion, plasma glucagon levels decreased slightly between 22.00 and 23.00 h (-16 +_ 3 pg/ml, 2p < 0.001) and then remained stable until 03.00 h; thereafter, plasma glucagon increased significantly by 40 pg/ml between 03.00 and 05.00h (2p<0.05), remained stable until 07.00h and finally decreased after breakfast and insulin supplements to reach basal values at the end of the study period. In the somatostatin test, plasma glucagon levels were slightly higher at 22.00 h but dropped immediately after starting the infusion (-36 _+ 5 pg/ml, 2p< 0.001) so that absolute glucagon values at 23.00 h were identical in both conditions (24_+9 pg/ml). Between 00.00 and 03.00 h, absolute levels of plasma glucagon were significantly lower under somatostatin than under saline infusion (18 _+ 4 versus 26 -+ 4 pg/ml, 2p < 0.02). In this test, plasma glucagon did not exhibit the significant increment from 03.00 to 05.00 h observed under saline infusion. On the contrary, plasma glucagon progressively decreased and reached its nadir of 15 + 8 pg/ml at 05.00 h. Upon cessation of somatostatin infusion, plasma glucagon displayed an abrupt and marked rise (+ 128 + 30 pg/ml, 2 p < 0.01) which was sustained until the end of the study period.
Plasma Non-esterified Fatty Acids (NEFA) and Glycerol (Table 2) Plasma NEFA levels were similar at 22.00 h in both tests (Table 2 ). In the control test, a modest and not statistically significant decrease in plasma NEFA occurred between 22.00 and 23.00 h. Thereafter, following the interruption of CSII, NEFA concentrations rose from 491 + 27 to 741 + 96 ~xmol/1 at 05.00 h (2 p < 0.05). In the test carried out under somatostatin infusion, the 23.00 h level of plasma NEFA was slightly increased but did not show any statistically significant rise despite cessation of insulin infusion. Comparison of plasma NEFA levels between the two tests from 01.00 to 05.00 h failed to demonstrate any statistically significant difference. As illustrated in Table 2 , plasma glycerol did not display any significant changes during the whole study period and were similar in the two tests at all time intervals. (Fig. 2) As for plasma glucagon, results of 3-OHB determinations were expressed as changes versus the value recorded at 23.00 h. In the test carried out under saline, plasma 3-OHB concentrations were significantly increased 2 h after arrest of the pump and then rose regularly until 06.00h. The rate of 3-OHB rise averaged 3.0 _+ 0.5 ~tmol-1-~. rain-1. In the test performed under somatostatin infusion, basal plasma 3-OHB concentrations (22.00 and 23.00 h) were moderately but not significantly higher when compared with the corresponding values of the control test (23.00h: 348_+34 versus 158_+15~tmol/1; t=1.67). The kinetics of the 3-OHB rise were strictly comparable in both tests during the first four hours after interruption of the CSII. In contrast, from 03.00 to 06.00 h, plasma levels remained remarkably stable in the somatostatin test whereas the rate of increase remained constant in the control test. Consequently, the maximal increase (from 23.00 to 06.00 h) was twice higher under saline than under somatostatin infusion. However, since basal 3-OHB levels were higher in the somatostatin test, the absolute concentrations recorded at 05.00 h were not significantly different. (Fig. 3) With infusion of saline, plasma growth hormone levels ranged between 1 and 10 ng/ml with a tendency to two peaks, the first one between 23.00 and 01.00 h, the second between 07.00 and 09.00 h. Somatostatin completely suppressed growth hormone resulting in growth hormone plasma levels below 1 ng/ml from 23.00 to 07.00h. Upon cessation of the somatostatin infusion (07.00 h), the growth hormone concentrations rapidly reached the level recorded in the control test.
Plasma 3-Hydroxybutyrate (3-O HB)
Plasma Growth Hormone
Plasma Cortisol (Fig. 3) In the test carried out under saline infusion, plasma cortisol levels exhibited the classical circadian variations with peak values occurring between 05.00 and 07.00 h. During the somatostatin test, the changes in plasma cortisol were similar but a moderate increase was observed already from 00.00 to 03.00 h.
Metabolic and Hormonal Changes in the Hypoglycaemic Subjects
The four subjects whose blood glucose levels were below 5 mmol/1 (3.2 + 0.6 mmol/1 at 22.00 h) before starting the somatostatin infusion displayed values below 2.5mmol/1 from 23.00 to 03.00h (nadir 1.8+ 0.2 retool/1 at 01.00 h) despite interruption of the CSII. When compared to the three other subjects (8.0+ 0.7 mmol/1 at 01.00 h, 2p < 0.001), the four hypoglycaemic patients exhibited significantly higher plasma cortisol levels (15.8+2.5 versus 2.6+0.51xg/dl at 01.00h, 2p<0.005) and a tendency towards higher plasma free insulin concentrations (34.0+11.3 versus 9.0_+ 2.0mU/1 at 01.00h, NS). No significant differences were observed between the two subgroups regarding plasma levels of 3-OHB, NEFA, glycerol, glucagon and growth hormone.
Discussion
The changes in blood glucose, plasma free insulin, glucagon, NEFA and 3-OHB concentrations during a 6 h nocturnal interruption of a CSII have been described and discussed in detail in the previous report [3] . In that study as well as in this one, the decrease in plasma free insulin was accompanied by significant rises in plasma concentrations of NEFA and 3-OHB after 2 h, of blood glucose after 3 h and of plasma glucagon after 5 h. Although the primacy of insulin deprivation is well accepted for explaining the metabolic alterations observed in Type 1 diabetic patients [5, 6] , several studies support a significant role of the counter-regulatory hormones, namely glucagon, cortisol, growth hormone and catecholamines [7, 8, review 9] .
The most interesting finding of the present study is that a somatostatin infusion which does not significantly influence the fall in plasma free insulin, remarkably prevents the rise in blood glucose and 3-OHB occurring after the interruption of the CSII. An effect of somatostatin on carbohydrate absorption from the gastrointestinal tract [10] can probably be neglected since somatostatin infusion started 4 h after the last meal. A direct effect of somatostatin on hepatic glucose metabolism remains controversial after studies in vitro, using isolated rat hepatocytes [review 11] as well as investigations carried out in vivo in the dog [12, 13] . Since somatostatin inhibits the secretion of glucagon and growth hormone, and perhaps under certain circumstances those of ACTH and cortisol [14, 15] , the role of these counter-regulatory hormones in the metabolic deterioration observed after arrest of the insulin infusion pump must be discussed.
Our results rule out any participation of plasma cortisol in the prevention of the metabolic decompensation by somatostatin. Indeed, plasma cortisol concentrations remained stable during the interruption of CSII in the control test whereas they were moderately increased in the test carried out under somatostatin infusion. This increase is probably explained by the initial fall in blood glucose since cortisol response to hypoglycaemia is not modified by somatostatin [16] .
In agreement with previous studies, somatostatin depressed basal levels of growth hormone by more than 50% [7, 17] and remarkably suppressed its nocturnal peaks [18, 19] . The studies of Gerich et al. [8] , in which an infusion of growth hormone during suppression of its endogenous secretion reproduced physiological hormone levels, demonstrates the absence of significant metabolic changes in presence of insulin. However, after insulin was withdrawn, plasma NEFA, glycerol and 3-OHB all rose higher than in the test with somatostatin but without growth hormone; simultaneously no effect on blood glucose was detected. These data thus indicate that physiological levels of growth hormone are lipolytic and ketogenetic in the absence of insulin. Consequently, as insulin deprivation progresses, the suppression of growth hormone could be responsible at least in part for the reduced rises in plasma NEFA and 3-OHB observed after arrest of the pump. On the contrary, the failure of growth hormone to alter blood glucose [8] suggests that it is not involved in the somatostatin-induced prevention of hyperglycaemia.
As expected, somatostatin induced a significant decrease in plasma glucagon levels [7, 14, 17] . This inhibition which was already detectable on the basal glucagon levels from 23.00 until 03.00 h became more obvious from 04.00 to 07.00 h when the late and significant glucagon rise observed in the control test was completely suppressed by somatostatin. In this respect, the 6 h of CSII interruption can be divided in two periods: (1) During the first 4 h, basal glucagon secretion is moderately but significantly reduced; simultaneously, the abrupt rise in 3-OHB is not altered but the increase in blood glucose is fully suppressed, a tendency towards hypoglycaemia being observed. (2) During the last 2 h, the inhibition of glucagon is accompanied by a complete blockade of the rise in 3-OHB levels. During the corresponding period, the increase in blood glucose was clearly slowed when compared with that of the control test despite a severe insulin deficiency.
Our results agree with those of Gerich et al. [7] concerning the evolution of blood glucose but partially differ as far as changes in 3-OHB levels are concerned. Indeed, in Gerich's study, the precocious rise in 3-OHB following the interruption of an intravenous insulin infusion was suppressed at once when somatostatin was infused at a rate of 500 ~tg/h. This difference could be attributed to: (1) the more rapid insulin deprivation occurring after cessation of an intravenous rather than a subcutaneous insulin administration, (2) the earlier rise in plasma glucagon secondary to the acute fall in circulating insulin and (3) the twice higher rate of somatostatin infusion.
Our results can be related to the differences reported by Barnes et al. [20] between patients with juvenile-type diabetes who showed a sharp rise in plasma glucagon levels after interruption of an intravenous insulin infusion and totally pancreatectomized subjects whose plasma glucagon remained undetectable. During the first 6 h following cessation of insulin delivery, the increase in blood glucose was 100% steeper in the juvenile-type diabetic patients than in the pancreatectomized subjects, although the rise in plasma 3-OHB was similar in the two groups. Later, the rise in 3-OHB became significantly steeper in the group with persistent glucagon secretion whereas a tendency to a plateau was noticed in the group without residual glucagon secretion. Consequently, we suggest that the changes in blood glucose under somatostatin infusion in our study are best explained by suppression of glucagon secretion presumably via an inhibition of hepatic glucose production. This interpretation is in agreement with previous data in somatostatin-infused depancreatectomized dogs [21] as well as in insulin-and somatostatin-infused normal men with selective glucagon deficiency [22] . As far as 3-OHB is concerned, the initial increase (first 4 h) appears secondary to the decrease in free insulin circulating levels and independent of circulating glucagon since, at this period of the study, this rise in 3-OHB is unaffected by somatostatin despite a modest but significant glucagon suppression. On the contrary, the ongoing increase in ketogenesis which occurs under saline infusion between hours 4 and 6 of the test seems dependent at least in part upon the late glucagon rise since it is entirely blocked by somatostatin infusion. This view is in agreement with the current theory on the role of glucagon in ketogenesis as recently reviewed by McGarry and Foster [23] . In addition, the somatostatin-induced reduction in ketogenesis could be partly mediated by inhibition of growth hormone secretion, particularly in a state of insulin deprivation as observed from hours 4-6 after arrest of the CSII [8, 24, 25] .
In conclusion, intravenous somatostatin, at a dose of 250 gg/h, significantly reduces metabolic deterioration during a 6 h nocturnal interruption of a CSII. Somatostatin-induced glucagon suppression seems to be involved in the reduction of hyperglycaemia which occurs on interruption of CSII as well as, together with growth hormone, in the limitation of hepatic ketogenesis in hours 5 and 6 after cessation of the subcutaneous insulin infusion. In contrast, the early rise in 3-OHB levels is not affected by somatostatin and is apparently entirely due to the fall in free insulin circulating levels.
